Cultivation of grassland presents a high risk of nitrate leaching. This study aimed to determine if leaching could be reduced by growing spring barley (Hordeum vulgare L.) as a green crop for silage with undersown Italian ryegrass (Lolium multiflorum Lam.) compared with barley grown to maturity with or without an undersown conventional catch crop of perennial ryegrass (Lolium perenne L.). All treatments received 0, 60 or 120 kg of ammonium-N ha )1 in cattle slurry. In spring 2003, two grassclover fields (3 and 5 years old, respectively, with different management histories) were ploughed. The effects of the treatments on yield and nitrate leaching were determined in the first year, while the residual effects of the treatments were determined in the second year in a crop of spring barley ⁄ perennial ryegrass. Nitrate leaching was estimated in selected treatments using soil water samples from ceramic cups. The experiment showed that compared with treatments without catch crop, green barley ⁄ Italian ryegrass reduced leaching by 163-320 kg N ha )1 , corresponding to 95-99%, and the perennial ryegrass reduced leaching to between 34 and 86 kg N ha
Introduction
When a grass-clover ley is ploughed, there is a high risk of nitrate leaching (e.g. Djurhuus & Olsen, 1997; Eriksen et al., 1999) , especially on sandy soils under relatively humid climatic conditions. The risk is dependent on the preceding management of the grass-clover, as the amount of N accumulated in the soil increases with length of time under grass, and more so with a grazing rather than a cutting regime, as summarized by Eriksen (2001) .
On loamy soils Shepherd et al. (2001) showed that the risk of nitrate leaching is negligible if grass is resown in spring shortly after ploughing. But they emphasized that the method has a practical disadvantage for the farmer because of reduced grass production in the first year of the new sward.
Undersowing a catch crop in a spring cereal following spring ploughing of grass-clover (Djurhuus & Olsen, 1997) has been shown to successfully reduce nitrate leaching the following autumn and winter (Djurhuus, 1992; Thomsen & Christensen, 1999) . However, sometimes this beneficial effect of the catch crop is less than expected. Reasons for this could be delayed harvest of the main crop and heavy rain after harvest, which may leach nitrate below the root zone of the catch crop (Davies et al., 1996; Hansen & Djurhuus, 1997) , or the N uptake capacity of the undersown catch crop has been exceeded (Torstensson & Aronsson, 2000) . Knowledge about best practice concerning management of previous grass-clover leys on sandy soils is therefore still lacking.
A catch crop should be established early enough to enable significant amounts of N to be taken up before leaching starts in the autumn. Vigorous undersown grasses have the ability to take up large amounts of N (Simmelsgaard, 1991) , but they may also result in competition between the catch crop and the main crop. This can result in reduced main crop yields (Andersen & Olsen, 1993; Karlsson-Strese et al., 1998) and loss of income for the farmer. But if the farmer is able to utilize the catch crop, the main crop yield reduction may be compensated by additional roughage.
Italian ryegrass is known as a vigorously growing grass (Andersen & Olsen, 1993) , and in the early 1980s Italian ryegrass was recommended to Danish dairy farmers as the most suitable catch crop in spring barley production (Jacobsen & Bentholm, 1981) . However, many dairy farmers used spring barley crops to establish grass-clover leys, and the growing of spring barley ⁄ Italian ryegrass did not become widespread. However, in the early 2000s, organic dairy farmers experienced increasing difficulties with 'clover soil fatigue' due to continuous cultivation of grass-clover. The effects of this condition are that clover plants emerge, become stunted and eventually disappear during the same year (Søegaard & Møl-ler, 2006) .
A new interest in growing spring barley ⁄ Italian ryegrass as a green crop for silage has been enhanced by the marketing of tetraploid varieties of Italian ryegrass with a higher sugar content than diploid varieties (Nielsen et al., 2005) .
The objective of the study was to test the efficiency of Italian ryegrass as a catch crop on sandy soil undersown in barley and used as a green crop for silage after ploughing of differently managed grass-clover leys. The green barley ⁄ Italian ryegrass treatment was compared with barley grown to maturity with and without an undersown conventional catch crop of perennial ryegrass. This paper focuses on the leaching of inorganic N during a period of 2 years following the cultivation of grass-clover leys. Leaching of dissolved organic N (DON) and carbon (DOC) in selected treatments during the first year of the experiment have previously been reported (Vinther et al., 2006) .
Materials and methods
Experiments were initiated in spring 2003 by ploughing two grass-clover fields on a commercial organic farm in the southern part of Denmark (9°05¢E, 54°53¢N): (1) a 3-year-old grass-clover field, which had formed part of a crop rotation dominated by cereals; and (2) a 5-year-old grass-clover field, which was part of a intensive grass rotation grazed by dairy cows.
The 3-year-old grass-clover was established by undersowing in oats (Avena sativa L.) in 1999 and was mainly used for cutting. The 5-year-old grass-clover had been used as a large pen for grazing cows. It was established by undersowing in oats in 1997.
The soil was a coarse sandy soil with clay (<2 lm), silt (2-63 lm) and sand (63-2000 lm) contents at 0-25 cm of 67, 127 and 708 g kg )1 and 46, 67 and 832 g kg )1 for the 3
and 5-year-old grass-clover fields, respectively. The organic matter contents were 98 and 55 g kg )1 and soil pH (0.01 m CaCl 2 , soil ⁄ water proportion 1:2.5) was 6.3 and 6.5, exchangeable K (0.5 m ammonium acetate) 61 and 17 mg kg )1 dry soil and extractable P (0.5 m NaHCO 3 ) was 96 and 14 mg kg )1 dry soil, respectively.
The farm was situated 4 km west of the Jyndevad meteorological station, which has a long-term mean precipitation of 858 mm year )1 and an average mean temperature of 7.9°C (Table 1 ). The winter before the grass-clover fields were ploughed (2002) (2003) was cooler than the long-term mean (Table 1) , while the winters 2003-2004 and 2004-2005 were warmer. Precipitation during June-August was higher than average in the first experimental year (2003) and close to the long-term mean in the second year (Table 1) . The fields were not irrigated due to sufficient precipitation during the two growing periods. In each field, the treatments were arranged in a randomized block design with four replicates. The gross ⁄ net area of each plot was 48 ⁄ 18 m 2 .
Year 1
Before ploughing on 25 March 2003, the grass-clover was rotovated on 3 March 2003 to increase synchrony between N mineralization and plant N uptake due to an earlier start of decomposition of the grass-clover (Eriksen & Jensen, 2001) . After ploughing, the following treatments were established in both fields (Table 2) : (1) spring barley harvested early as a green crop for silage with an undersown catch crop of Italian ryegrass, which was mown twice in the autumn; (2) spring barley harvested at maturity with an undersown catch crop of perennial ryegrass; and (3) spring barley harvested at 
Nitrate in soil water
For calculation of nitrate leaching, soil water was taken using porous ceramic cup samplers installed at 100-cm depth in spring 2003 from selected treatments ( Table 2 ). Due to a rising groundwater level during autumn 2003, the suction cups were reinstalled at 70 cm depth on 12 December 2003. The equipment and installation were as described by Djurhuus & Jacobsen (1995) . Two samplers were installed per plot (i.e. eight per treatment). A suction of approximately 70-80 kPa was imposed 2-3 days before sampling. During this period, the suction decreased as a result of sampling water. The soil water samples from each replicate were bulked before analysis, frozen within a few hours and later analysed for nitrate N (Best, 1976 ) on a Technicon Auto Analyzer (Tarrytown, NY, USA) after the addition of tartrate. Generally, sampling was carried out once every 2 weeks, except in periods of drought or frost. Percolation was calculated using the model EVACROP 3.0, which is an updated version of EVACROP 1.5 (Olesen & Heidmann, 1990) . Nitrate leaching was estimated using the trapezoidal rule (Lord & Shepherd, 1993) , assuming that nitrate concentrations in the extracted soil water represented average flux concentrations. The accumulated leaching was calculated from the beginning of April to the end of March.
Plant samples
Roots of each sward type were sampled immediately before the start of tillage operations in 2003. In each sward 20 soil cores (46 mm diameter) were sampled to a depth of 20 cm for determination of root biomass (Eriksen & Jensen, 2001 ). Determination of the corresponding above ground biomass was planned, but the sward height at that time was too low to obtain a sample. Dry matter, C and N contents were determined in all root samples. Barley was harvested with a plot combine. In 2004, grain and straw samples were oven dried at 80°C and total N determined by the Dumas method (Hansen, 1989) . Green barley was harvested as wholecrop and samples of the barley ⁄ Italian ryegrass mixture and cut grasses were analysed as described above. In 2005, the dry matter content of barley grain was determined by a near-infrared spectroscopy analyser (Infratec TM 1241 Grain Analyzer, Foss A ⁄ S; Buchmann
) in which protein content was also determined. The N content barley was calculated using a protein factor of 6.25. In spring and autumn 2004, shoot material from grasses were taken from a 2 · 0.5m area in each plot and total N determined (Table 3) by the Dumas method (Hansen, 1989) .
Results and discussion

Incorporated plant residues
Sampling of roots in spring is difficult and subject to great uncertainty, but it gives an indication of the presence and differences in the content of plant material incorporated. In the 3-year-old pasture, 6.4 t DM ha )1 (CV 62%) was found in the top 20 cm of the soil compared with 11.8 t (CV 57%) in the 5-year-old pasture. The quantities of plant roots were greater than these found in other studies (e.g. Høgh-Jensen & Schjoerring, 1997; Hauggaard-Nielsen et al., 1998) , which may be due to the older age of the pastures. The results corresponded well with Eriksen et al. (2006) who found 6.6-10.3 t DM ha )1 in grazed pastures of different age with the largest value in an 8-year-old pasture. The C to N ratio of the root material was 23 (CV 13%) in the 3-year-old pasture and 18 (CV 9%) in the 5-year-old pasture. This corresponded to an N-content in root material of 116 and 230 kg ha )1 in the 3-and 5-year-old pastures, respectively.
The C to N ratios of 18-23 are in accordance with a C to N ratio of 20 (corresponding to 194 kg N ha
) in grass-clover roots in a pasture grazed by cows with a high intake of N (Eriksen, 2001 ). The C to N ratio of less than 25 indicates that mineralization takes place shortly after incorporation (Kyllingsbaek, 1992; Trinsoutrot et al., 2000) , which explains the large N availability for crop uptake and leaching.
Nitrate concentrations
Nitrate concentrations in suction cups under the treatment without catch crops after ploughing of the grass-clover leys were approximately 100 mg L )1 NO 3 -N or above when concentrations were the highest during autumn ⁄ winter 2003 ⁄ 2004 (Figure 1 ). In an experiment by Djurhuus & Olsen (1997) on a coarse sandy soil, nitrate concentrations after spring ploughing of cut grass-clover never exceeded 50 ppm NO 3 -N. However, in their experiment of Djurhuus & Olsen (1997) , the ploughed ley was only 1 year old. Nitrate concentrations are affected by the amount of precipitation.
The high nitrate concentrations after the 3-and 5-year old leys could be caused by several factors: (1) a high soil organic matter content of 98 g kg )1 in the 3-year-old and 55 g kg )1 in the 5-year-old ley; (2) intensive grazing of the 5-year-old ley; (3) clover populations that had been well maintained and evenly distributed in both fields until ploughing; (4) rotovation of the treatment without catch crops twice in autumn, which may have increased mineralization and prevented weeds from taking up N, as discussed later; and (5) application of a considerable N load of 120 kg ha )1 of ammonium-N and 78 kg ha )1 of organic-N to treatments fertilized with the largest slurry treatment. In spring 2004 (1 year after ploughing of the grass-clover), nitrate concentrations were relatively high in treatments without catch crops and remained high during the summer, indicating that the barley was unable to take up the nitrate situated at the base of the root zone.
In contrast to the high nitrate concentrations in treatments without a catch crop, concentrations under Italian ryegrass were extremely low until autumn 2004, indicating very efficient N uptake. The increase in nitrate concentrations under perennial ryegrass in autumn 2004 following the Italian ryegrass treatment with 0 and 120 kg N ha ryegrass treatment were higher than in the Italian ryegrass treatment.
The nitrate concentrations at the beginning of the experiment were generally below 10 mg L )1 (Figure 1 ) suggesting that the nitrate content under the grass-clover fields was small. This is probably due to efficient N uptake by the grass-clover, even though nitrate concentrations on these soils usually decrease to a low level during winter (Hansen & Djurhuus, 1997 ammonium N. Most of the mineral N (nitrate N and ammonium N) was found at 0-20 cm, which on average contained 36 kg ha )1 N, while the content at 20-50 and 50-100 cm was 13 kg ha )1 N in both. Thus, leaching during the following autumn and winter mainly originated from mineralization of organic matter or from excess fertilizer and not directly from previous management of the grass-clover leys.
Nitrate leaching
In the first year, nitrate leaching after barley without catch crop was 171 and 256 kg N ha )1 following the 3-and the 5-year-old grass-clover, respectively (Figure 2 ). When applying 120 kg N ha )1 without catch crops, leaching was 297 and 327 kg N ha )1 . Because of the high nitrate concentrations, nitrate leaching without catch crops was large in comparison to previous Danish field experiments. In the above-mentioned experiment on coarse sandy soil (Djurhuus & Olsen, 1997) , nitrate leaching after a 1-year-old cut grass-clover was only approximately 100 kg N ha )1 in the first year after ploughing of the grass-clover. After barley with Italian ryegrass leaching was only 3-9 kg N ha )1 . This is less than the 17 kg N ha )1 estimated by Simmelsgaard (1998) for grass, but similar to leaching from grazed grass-clover swards receiving no fertilizer N input (Macduff et al., 1990) . Compared with treatments without a catch crop, the Italian ryegrass reduced leaching by 163-320 kg N ha
, corresponding to 95-99%. The perennial ryegrass reduced leaching to between 34 and 86 kg N ha )1 corresponding to a reduction of between 66 and 80% ( Figure 2 ) compared with treatments without a catch crop. The larger value is greater than those of Eriksen (2001) , who reported leaching of approximately 50 kg N ha )1 or less in spring cereals with undersown perennial ryegrass in the first year after ploughing of 3-year-old grass-clover leys. In both fields, leaching was significantly greater under perennial ryegrass than under Italian ryegrass treatments without fertilizer application. Thus, the vigorous undersown Italian ryegrass showed its ability to take up large amounts of N after early harvest of barley as a green crop. Early harvest as wholecrop allows more time for the development of the catch crop than harvest of the barley at maturity as in the perennial ryegrass treatment. The second summer (2004) was wet and almost 100 mm of drainage caused significantly more leaching after treatments without catch crops (0 and 120 kg N ha )1 ) than after perennial and Italian ryegrass treatments (Figure 2 ). Because all plots were growing spring barley with perennial ryegrass at that time, the differences in leaching were a carry-over effect from the previous treatments. As seen in Figure 1 , the nitrate concentrations at the bottom of the root zone were lower Figure 1 Nitrate concentrations in soil water (100 cm) for 2 years following ploughing of 3-and 5-year-old grass-clover swards. The treatments refer to year 1; in year 2, all plots were treated identically (Barley ⁄ perennial ryegrass, 60 N). Estimated drainage (accumulated since the last nitrate sampling date) is shown for treatments without catch crops.
following catch crops than following bare soil in April 2004. Apparently, the barley with perennial ryegrass was not able to reduce the concentrations at that depth during the growing season. This is in agreement with the results from Madsen (1978) who found that on coarse sandy soils spring barley developed roots only to a depth of about 60 cm.
During the winter period of the second year, there was no difference in the residual effect of previous treatments on leaching levels (Figure 2 ). In the 3-year-old field, the concentrations just after harvest 2004 were similar in all treatments, while in the 5-year-old field, concentrations in treatments without a catch crop were still greater than in those with catch crops (Figure 1 ).
In comparison with other experiments with catch crops on coarse sandy soil, leaching during the autumn ⁄ winter period of the second year was greater with averages of 71 and 56 kg N ha )1 in the 3-and 5-year-old pastures, respectively.
The relatively large quantity of nitrate loss, despite the catch crop, may be due to wet weather in August in combination with the late harvest of barley (26 August) and a sparse development of perennial ryegrass. This seems to have caused leaching of nitrate before the ryegrass catch crop was fully developed.
Main crop year 1
Grain yields of unfertilized barley without a catch crop were 3.4 and 3.9 t DM ha )1
, and total yield of unfertilized green barley for silage was 6.5 and 9.7 t DM ha )1 in green crop and grass in the 3-and 5-year-old pastures, respectively (Figures 3 and 4). As described above, in the treatments without a catch crop an additional approximately 100 kg N ha )1 was leached when 120 kg of ammonium-N ha )1 was applied (Figure 2) . This was matched by a relatively small yield response to the N applications (Figure 3) . By contrast, leaching from treatments with Italian ryegrass remained small and were not affected by slurry N application (Figure 2 ). This is explained by the additional N uptake of on average 127 kg N ha )1 in green barley from applying 120 kg N ha )1 (Figure 5) , showing Barley -no catch crop Figure 2 Nitrate leaching for 2 years following ploughing of 3-and 5-year-old grassclover swards. The treatments refer to year 1; in year 2, all plots were treated identically. Significant differences were identified after log-transformation. Bars with the same letter are not significantly different (P < 0.05).
Annual leaching in year 2 was divided into summer (April to harvest) and autumn ⁄ winter (harvest to March). No significant differences were found between treatments for autumn ⁄ winter leaching.
Yield (t DM ha that in this treatment manure N was taken up by the ryegrass instead of being leached.
Average yields of Italian ryegrass in autumn cuts were 4-6 t DM ha )1 (Figure 4 ). This is similar to the 5.2 t DM ha )1 reported by Nielsen et al. (2004) in experiments with Italian ryegrass after barley wholecrop harvest in 2004. A lower yield of the Italian ryegrass after a wholecrop would be expected, because the cereal is usually harvested later than a green crop leaving less time for the development of the catch crop.
Catch crop year 1
Early establishment of the catch crop is of vital importance for the N uptake capacity of the catch crop. Vos & van der Putten (2006) found a decline in potential N accumulation in the catch crop of 3.4 kg ha )1 for each day's delay in sowing.
In our experiment, the different harvest times of green and mature barley may act similarly due to limited catch crop growth before harvest of the main crop (see later). If Italian ryegrass had been sown on the day of green barley harvest (17 June, day 168) and the perennial ryegrass on the day of mature barley harvest (11 August, day 223), according to Vos & van der Putten (2006) the potential N accumulation would have been an estimated 389 kg N ha )1 in Italian ryegrass and 202 kg N ha )1 in perennial ryegrass. The actual N uptake in the cut Italian ryegrass following barley with 120 kg N ha )1 was 121 and 158 kg N ha )1 after the 3-and 5-year-old fields, respectively (data not shown). Because the green barley ⁄ Italian ryegrass reduced leaching to below 10 kg N ha )1 , the Italian ryegrass seems to have been able to take up almost all nitrate present in the soil. If the calculated potential N accumulation is correct, the Italian ryegrass would have been able to take up even more N. It should be noted that some of the N taken up was left in stubble in the field. The actual N uptake in the perennial ryegrass was only between 11 and 16 kg N ha
, which is far less than the calculated potential N accumulation. Leaching under perennial ryegrass in the unfertilized treatment was 86 kg N ha )1 after the 5-year-old grass-clover. This indicates that the perennial ryegrass did not use its full nitrate uptake potential in this field. It should be noted that relatively more of the N uptake was left in stubble in the less developed perennial ryegrass than the amount left after cutting of the well-developed Italian ryegrass. Weeds growing under cutting height may also have taken up N. The perennial ryegrass catch crop actually reduced nitrate leaching by 66-80%, which implies that much of the N uptake was in stubble and roots. In the experiment, the perennial ryegrass treatment was compared with a treatment that was rotovated twice in autumn. This may have increased mineralization of soil organic matter and ⁄ or residues from the grass-clover. Results of Andersen & Olsen (1993) showed a small increase in nitrate content in a coarse sandy soil after three to four stubble cultivation passes. Other results from the same location showed a tendency for increased mineralization when the soil was cultivated in the autumn (Hansen & Djurhuus, 1997) . However, the long-term low input of organic matter in the latter experiment (in contrast to the high input of grassclover residues in our experiment) may have affected mineralization differently after soil cultivation.
Perennial ryegrass has proved its ability to take up N under Danish climatic conditions. Simmelsgaard (1991) reported an uptake in above ground perennial ryegrass of 76 kg N ha )1 . One major difference between our experiment and the experiment of Simmelsgaard (1991) was the timing of N availability. A large amount of N was available for the barley crop in our experiment, while the catch crop was unfertilized in the autumn. In the experiment of Simmels- gaard (1991), the barley crop was fertilized according to normal practice, and 100 kg N ha )1 was applied to the catch crop in the autumn. This may lead to a difference in competition between the main crop and the catch crop. Strong competition from the growing barley main crop, especially after the 5-year-old field (Figure 2 ), caused only weak growth or near failure of the undersown perennial ryegrass. Observations in the field indicated that perennial ryegrass had established well, but that the grass was hampered by competition during the growing season. After the 3-year-old grass-clover ley, barley grew less vigorously in the unfertilized treatment and perennial ryegrass survived more satisfactorily, but perennial ryegrass was hampered in this field after application of 60 and 120 kg N ha
. This shows that the development of the main crop is an important determining factor for the performance of a less competitive catch crop such as late perennial ryegrass. The observation accords with others showing that catch crops such as late perennial ryegrass can have unfavourable conditions for growth when undersown in vigorously growing oats after grass-clover (Tersbøl et al., 2003) .
Awareness of competition is especially important in situations with large amounts of available N and delayed sowing of the catch crop as in our experiment. Here weeds were controlled by a spring tine weeder on 23 April and 9 May 2003 after spring barley germination on 14 April 2003, but before undersowing of the two grasses on 9 May 2003. This means that the undersown grasses were sown later than they would have been in a cropping system without mechanical weed control.
To avoid failure of the catch crop due to a competitive main crop, we recommend that the seed rate of the main crop is reduced, that a competitive catch crop is selected and that the catch crop is established at approximately the same time as the main crop. The latter is only possible in organic farming if weed harrowing after sowing of the main crop is omitted.
Crop year 2
The residual effects of the treatments in 2003 (Table 4) were determined in a spring barley ⁄ perennial ryegrass, which was fertilized with 60 kg ha )1 ammonium-N in slurry. Thus, in the second year, all treatments were treated identically. After the 3-year-old pasture, there was a significantly higher yield of barley following green barley ⁄ Italian ryegrass than following both barley ⁄ perennial ryegrass and barley ⁄ no catch crop, indicating a positive effect of the Italian ryegrass residues on the following crop. This effect was not observed for the 5-year-old pasture. By contrast, there was a significant yield decrease after perennial ryegrass compared with other treatments. This difference in the effects of the two grasses is believed to be the result of differences in the development of couch grass (Elytrigia repens) (Table 4) . Apparently, rotovating twice during autumn 2003 in plots with no catch crop was an effective method of controlling couch grass that year. The limited extent of couch grass following Italian ryegrass ( Table 4 ) also suggests that Italian ryegrass competed better with couch grass than the more sparsely developed perennial ryegrass (Figure 4) . N uptake in grain and straw did not differ significantly between treatments (Table 4 ) but tended to be 12-18 kg ha )1 N less after the 3-year-old than in the 5-yearold pasture. 
N balance
The N balance each year was calculated by subtracting N in the harvested material and leached nitrate from the total-N applied in slurry (Table 5) . A negative balance must result from mineralization of grass-clover residues, soil organic matter or from atmospheric deposition. In the first year after ploughing of grass-clover, the balance was strongly negative due to large amounts of N uptake or high levels of leached N. In both fields in 2003, the balance was significantly more negative in the treatments where the soil was kept bare during autumn and winter than in the treatments with green barley. This suggests that mineralization in the bare soil was greater than in the soil with Italian ryegrass. This increase could have been due to increased mineralization in the bare soil because of soil cultivation (as discussed above) or to a slower rate of decomposition of organic matter in the treatments with living Italian ryegrass roots (Jenkinson, 1977; Fu & Cheng, 2002) .
The balance in 2003 tended to be more negative in barley ⁄ no catch crop treatments without slurry application, than in the same treatment with slurry application, while the slurry effect was statistically significant in green barley ⁄ Italian ryegrass treatments. This implies more mineralization of organic matter in the absence of slurry. It is difficult to explain this result, as the mechanisms of priming effects on mineralization in the short term are probably much more complex than is commonly believed (Fontain et al., 2003) and still not fully understood (Kuzyakov & Bol, 2006) . 
Conclusion
Cultivation of grassland presents a huge potential for nitrate leaching, which is prevented only through careful management. These experiments showed that a barley silage crop undersown with Italian ryegrass reduced leaching to a minimum in both the experiments with different age and management strategies for the grass-clover leys, and therefore different mineralization potentials after ploughing. This offers advantages not only for the environment but also for farmers, for whom it can provide a fodder high in roughage and avoids the difficulties with clover fatigue increasingly experienced by Danish farmers. Significant differences were identified after log-transformation. Means followed by the same letter are not significantly different at the 0.05 level of probability.
